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METHOD FOR DETERMINING THE SCALE OF AN OBSERVATION 
AREA 

Field of the invention 

The invention relates to a method according to the preamble of the 
appended claim 1 in the control of the quality or the condition of a fibre 
web on the basis of optical diagnostics by imaging, the control being 
applied in connection with the manufacturing or finishing process of a 
paper web. 

Background of the invention and prior art 

There is a constant aim to increase the web speeds utilized in the 
manufacturing and finishing processes of paper, paperboard and other 
corresponding web-like materials in order to improve the production 
rate. When the web speeds are increased, it is, however, necessary to 
monitor the function and state of the process in a more detailed man- 
ner than before in order to avoid an increase in web breaks that impair 
the production rate and in various defects in the quality of the fibre 
web. 

One method which has been found to be very efficient in the real-time 
monitoring of a rapidly moving fibre web and its path is to use optical 
diagnostic methods. Advantages of the optical methods include, for 
example, the possibility to take measurements of an object in a con- 
tactless manner and to take the measurements with a rapid time 
response. Several examples of applying optical methods in the manu- 
facturing and finishing processes of web-like materials are known from 
prior art. 

The present invention relates to optical imaging diagnostics for storing 
a spatially resolved visual image or other spatially resolved, optically 
measurable data about an object to be examined. In optical imaging 
systems, the detectors that are currently used are typically electrical 
matrix or line scan cameras, such as CCD cameras (charged coupled 
devices). 
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US patent 5,821,990 discloses, on the principle level, a monitoring 
system in which measuring positions are arranged at different locations 
along the process to be monitored. In these measuring positions, the 
5 measuring devices used can be, for example, video cameras, and said 
monitoring system is suitable for use also in connection with a paper 
manufacturing process. 

One example of commercially available optical systems, which are par- 
10 ticularly suitable for the real-time monitoring of a fibre web and its path, 
are so-called web runnabiliby monitoring (WRM) systems. These sys- 
tems may comprise even several tens of camera units arranged to 
record an image of the fibre web and the machine means related to its 
processing at different points in the process. The primary function of 
1 5 WRM systems is to visually observe and analyze web breaks and the 
web runnability phenomena of the fibre web related therewith. The 
analysis is made by monitoring video sequences recorded in connec- 
tion with said events in different camera positions along the path. 

20 The basic principle of the WRM system is shown in Fig. 1 . The camera 
units 1 to N may be placed, according to the need, at different points of 
the path of the fibre web, from the wet end of the paper machine all the 
way to the reeling up of the paper web. At present, single camera units 
used in the system are typically CCD cameras which operate on the 

25 visible wavelength range and which produce an analog video signal 10 
to be transmitted to computers used as image processing units 11, 12 
for image capturing, storage, digital image processing, and analysis. 
The results of the image analysis can be viewed via a user interface 1 3 
placed in a control room, and the visual image produced by the camera 

30 units 1 to N can also be viewed in its unprocessed form in real time, if 
necessary, via video monitors placed in the control room. 

Troubleshooting typically requires the examination of video samples 
recorded from different steps of the manufacturing process, i.e. 
35 recorded with the different camera units 1 to N. Video sequences cor- 
responding to the same point of the moving fibre web but recorded in 
different camera positions 1 to N at different times can be used to find 
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out which step in the process is the origin of the cause for a defect. For 
example, if a break caused by an edge defect or a hole in the web is 
detected in the reel-up of the paper machine (camera unit N in Fig. 1), 
one must first determine if a web defect causing the break is already 
5 visible in an earlier step in the manufacturing process, that is, for 
example in images stored by camera units N-1, N-2. To determine 
this, the user of the monitoring system must find, from the video 
recordings of the camera units preceding the reel-up, the correspond- 
ing web section where the web defect that caused the break can be 
1 0 observed for the first time. 

Naturally, it will be obvious that in practice, problems in the runnability 
of the paper web must be solved as quickly as possible to eliminate the 
cause of the disturbance as quickly as possible and thereby to prevent 
15 a decrease in the production or an impairment in the quality of the 
product. 

Because of the quick movement of the web in the longitudinal direction, 
i.e. the machine direction, a defect in the web, which defect is visible 

20 for example in the reel-up at a given moment of time, occurs a few 
seconds earlier in the preceding steps of the process, for example in 
the press. Therefore, synchronization of the camera units 1 to N is 
used in the monitoring systems, such as WRM systems, to find, in the 
recordings of each camera position, the points always corresponding to 

25 the same area of the web in the longitudinal direction of the web. 
These problems involved in the movement of the web are discussed in 
Finnish patent application 990428, which presents a method for syn- 
chronizing image information from camera units monitoring a process, 
in the machine direction. 

30 

In addition to the longitudinal direction of the web, however, it is also 
very important to know the position of defects occurring in the web in 
the cross machine direction, to localize the defects in the paper web. 
After all, the width of the paper web may be even in the order of 
35 10 metres in modem paper machines. However, in WRM systems and 
also other corresponding imaging systems, the determination of 
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defects in the cross machine direction is, in practice, complicated by 
factors to be described below. 

Figure 2 shows, in a principle view, the placement of a single camera 
5 unit N of the WRM system in a paper machine, seen in the direction of 
the web 21. In Fig. 2, the web 21 travels in the direction indicated by an 
arrow, between rolls 22 and 23. In practice, because of the structure of 
the paper web and the conditions of the imaging location, the camera 
unit N must be typically placed outside the actual path of the web 21, 

10 as shown in Fig. 2. The camera unit N is thus trained on the web or 
another object to be monitored, either from the operating side of the 
paper machine (position 100 in Fig. 2) or from the so-called mainte- 
nance side (position 200 indicated with a broken line in Fig. 2). As a 
result, the image of the web 21 or another object, recorded by the 

15 camera unit N, is a perspective view, which makes it more difficult to 
find the the exact locations of the image area and the objects shown in 
said image in the cross machine direction of the web 21. In other 
words, the image of the camera unit N becomes a perspective repre- 
sentation, because the image is recorded at an imaging angle A to the 

20 cross machine direction of the paper web, the imaging angle A deviat- 
ing from the direction C perpendicular to the transverse direction of the 
paper web. 

Figure 3 also shows the situation of Fig. 2 seen from the side. Figure 3 
25 shows that the imaging takes place at an imaging angle B to the longi- 
tudinal direction of the web 21 , the imaging angle B being also typically 
different from the direction D perpendicular to the longitudinal direction 
of the paper web. 

30 Now, said imaging angles A, B of the camera units in successive cam- 
era units 1 to N in the travel direction of the paper web, and also the 
other properties of the camera units 1 to N, such as the enlargement of 
the optics used in them, may vary from one imaging position to 
another; therefore, in practice, the imaging takes place from different 

35 perspectives and with different enlargements in the different imaging 
positions. This makes it significantly more difficult, in practice, to 
determine the imaging or monitoring area of the web 21 or other object 
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accurately in the transverse direction, wherein it is also very difficult to 
determine the precise location of the phenomena visible in the image, 
in the transverse direction. In practice, images recorded as perspective 
representations must be interpreted, in the transverse direction of the 

5 web, subjectively according to the user's own assessment. In other 
words, the user evaluates, on the basis of his/her experience, the 
transverse location of the phenomena occurring in the images. Fur- 
thermore, it is obvious that the perspective may, in some situations, 
make the interpretation of the images more difficult also in the scale in 

10 the machine direction. 

From prior art, also so-called web inspection systems (WIS) are known, 
whose principle of operation is disclosed more closely, for example, in 
the publication WO 01/21516. Figure 4 shows, in a principle view cor- 
15 responding to Fig. 2, the placement of camera units of the WIS system 
in the cross machine direction of the web 21 . 

In the WIS system, several camera units 40 are fixed in a camera 
beam 41 above the paper web in such a way that the imaging direction 

20 of a single camera unit 41 is substantially transverse to the web 21. By 
arranging the fields of vision of adjacent camera units 40 to be partly 
overlapping, the WIS system can be used to cover the width of the web 
21 in the cross machine direction without significant perspective errors 
in the observation area, wherein it is now possible to record the precise 

25 location of web defects detected in the images in the cross machine 
direction. 

In practice, however, a significant problem in the implementation of the 
WIS system and other corresponding systems is that, for example 

30 because of the space required by the camera beam 41 in the trans- 
verse direction of the web, the apparatus required by the system can 
only be installed in certain locations along the path of the paper web. 
Furthermore, the apparatus for a single imaging position will become 
relatively expensive, due to the large number of camera units 40. For 

35 these reasons, among other things, apparatuses complying with the 
WIS system are, in practice, typically installed in one imaging position 
only: at the final section of the paper machine, right before the reel-up. 
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In this imaging position, good measuring accuracy is achieved with the 
WIS system in the transverse direction of the web 21, because due to 
the placement of the camera units 40, the imaging takes place sub- 
stantially without perspective errors. Furthermore, in said final section 
5 of the paper machine, the moisture of the web 21 is already settled, 
wherein no problems are, in practice, caused by the drying shrinkage in 
the transverse direction of the web. 

It is obvious that the use of imaging systems of the WIS system type is 
10 primarily limited solely to the monitoring of the fibre web itself, because 
due to the size and structure of the apparatus, its placement to record 
images of other objects along the path is very difficult. In the wet end of 
the paper machine, the imaging with an apparatus complying with the 
WIS system, in which the camera units 40 are placed relatively close to 
15 the object to be imaged, would also be disturbed by e.g. water mist or 
water spraying from the paper web. Furthermore, the structure of the 
WIS system with the camera beam extending across the whole paper 
web would significantly encumber the service and maintenance work of 
the paper machine. 

20 

For the above-described reasons, it is thus typical that in the same 
paper machine, an apparatus of the WIS system, placed in one imag- 
ing position at the dry end, is used for measuring the properties of the 
fibre web itself, and in addition, a separate WRM system is used for 
25 monitoring the fibre web and the machine means (rolls, felts) involved 
in its processing, to troubleshoot web breaks and phenomena related 
to them. 

Basic principle and most important advantages of the invention 

30 

The primary aim of the present invention is to provide a new method for 
determining the scale of an observation area more precisely than 
before in the control of the quality or the condition of a fibre web on the 
basis of optical imaging diagnostics, wherein the imaging measurement 
35 is performed as perspective imaging. 
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A particular aim of the invention is to make it possible to compensate 
for a scale error caused by the perspective in visual images recorded 
by cameras or other spatially resolved information measured in an 
imaging manner, wherein it is possible to determine the precise loca- 
5 tion of phenomena occurring in the images, particularly in the trans- 
verse direction of the web. 

To attain these purposes, the method according to the invention is 
primarily characterized in what will be presented in the characterizing 
10 part of the independent claim 1 . 

The other, dependent claims will present some preferred embodiments 
of the invention. 

15 The essential basic idea of the invention is that when an object, such 
as a fibre web and/or means relating to its processing, are measured in 
an imaging manner in such a way that the imaging direction used by 
the measuring means, for example a camera unit, causes a scale error 
due to the imaging perspective, in the visual image or other location- 

20 resolved measuring result to be recorded, said scale error can be cor- 
rected by calibrating the imaging or observation area of the measuring 
device when the measuring device is taken into use, or in connection 
with its maintenance or a corresponding event. 

25 According to the invention, the calibration is preferably performed in 
such a way that when the measuring device is taken into use, calibra- 
tion points are provided at the location of the object to be imaged or 
above it in the observation area of the measuring device, wherein the 
real distances between the calibration points, i.e. the dimensions of the 

30 scale formed by them, are precisely known. By means of this calibra- 
tion data, the system can later correct the distortion caused by the per- 
spective in the data to be measured by imaging, and compute the pre- 
cise location of interesting objects or phenomena detected in, for 
example, visual images, particularly in the transverse direction of the 

35 paper web. According to the invention, the information measured by 
imaging is corrected and later analyzed preferably in digital format in a 
computer used as an image processing unit, or the like. 
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The invention is particularly suitable for use in combination with moni- 
toring systems of the WRM type, using several camera units producing 
a visual image and placed in different imaging positions along the path 
5 of the paper web, from the wet end all the way to the reeling up. The 
invention allows the placement of the camera units at the side and 
diagonally in relation to the object to be imaged so that the camera 
units can be placed in locations where they are shielded and do not 
disturb the use or maintenance of the paper machine itself. By means 
10 of the invention, the images recorded by each camera unit can be 
brought to correspond precisely to each other, particularly in their scale 
in the transverse direction of the web, although the placement of the 
cameras and the other properties vary, depending on the image posi- 
tion. 

15 

A significant advantage of the invention is that it makes it possible, in 
WRM systems or the like, to temporally synchronize the camera units 1 
to N, successive in the machine direction, more accurately and more 
easily than before. By means of the invention, it is now possible to 
20 automatically recognize, in recordings from different camera positions 
brought to comply with each other, a defect or another phenomenon 
occurring at a given point in the transverse direction of the web, and 
this information can be utilized further to synchronize image information 
from different camera units in the machine direction. 

25 

The method according to the invention can be applied for monitoring 
the moving web itself, or for monitoring the condition of means which 
are involved in the processing of the web and are in contact with it, 
such as rolls, reels and various textures (wires, felts). The invention 
30 makes it possible to place the camera units or the like more freely and 
to select the imaging direction without complicating the interpretation of 
the measuring results because of the different imaging perspectives. 

In an advantageous embodiment of the invention, the shrinkage of the 
35 fibre web in the transverse direction of the web is also taken into 
account, as the web travels from the wet end to the drier final section of 
the paper machine. When determining the transverse scale of the 
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paper web and the coordinates system for the information measured by 
imaging, possible edge cutting of the web and possible lateral dis- 
placement of the web are also taken into account, if necessary. 

5 By taking into account the scale error included In the information 
measured by imaging and caused by the perspective, as well as the 
drying shrinkage of the fibre web in the transverse direction, edge cut- 
tings and/or wandering of the web in the lateral direction, if necessary, 
it is possible to bring the information collected from different imaging or 

10 measuring positions into a format which is precisely uniform in the 
transverse scale. In difference to prior art, this also allows the auto- 
matical computer analysis of the measuring results in a significantly 
more efficient manner than before. Instead of a subjective analysis by 
the user, the invention makes it possible to use automatic pattern rec- 

1 5 ognition and corresponding image processing techniques in the search 
for the cause of a given defect in the fibre web or a web break, in 
images recorded by successive camera units. This makes it faster and 
easier to recognize the cause of disturbances in the process and also 
makes it possible to collect statistical material relating to fault situations 

20 in a more reliable way than before. 

The following, more detailed description of the invention with examples 
will more clearly illustrate, for anyone skilled in the art, preferred 
embodiments of the invention as well as advantages to be achieved 
25 with the invention in relation to background art. 

Brief description of the drawings 

In the following, the invention will be described in more detail with 
30 reference to the appended drawings, in which 

Fig. 1 shows the basic principle of the WRM system, 

Fig. 2 shows, in a principle view, the placement of a single camera 
35 unit in a paper machine in the system of Fig. 1, seen in the 

travel direction of the web, 
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Fig. 3 shows the situation of Fig. 2, seen from the side of the paper 
machine, 

Fig. 4 shows the placement of camera units in a paper machine in 
5 the WIS system, in a way corresponding to that of Fig. 2, 

Fig. 5 shows, in a principle view, an example image recorded by a 
camera unit placed in connection with the press of a paper 
machine, according to Figs. 2 and 3, 

10 

Fig. 6 shows, in a principle view, an example image recorded by a 
camera unit placed in connection with the headbox of a paper 
machine, according to Figs. 2 and 3, 

15 Fig. 7 shows an example of a typical transverse shrinkage profile of 
a fibre web, measured from a printing paper machine, and 

Fig. 8 shows an example of statistical information collected from a 
paper machine by using the invention. 



20 



Detailed description of the invention 



Figures 1 to 4 have been partly discussed already in connection with 
the description of prior art. 

25 

With reference to Figs. 5 and 6, we shall still briefly illustrate the effect 
of perspective caused by the imaging direction on the interpretation of 
the images. 

30 Figure 5 shows a typical image representing a fault situation and 
recorded by a CCD camera unit at the press of a paper machine. The 
placement of the camera unit in the imaging position corresponds, in 
principle, to the situation of Figs. 2 and 3, in which the camera unit is 
placed, in relation to the paper web and the paper machine, outside the 

35 body of the paper machine, and is trained on the machine. Figure 5 
shows, at the point indicated with an arrow, a beginning web break. 



WO 03/081218 



PCT/FI03/00230 



11 

Because of the directional error caused by the imaging perspective, it 
is very difficult to evaluate the distances in Fig. 5, particularly in the 
transverse direction of the paper web. Because of this, it is also impos- 
sible to determine the exact transverse location of the web break visi- 
5 ble in the figure. 

To find out the reason for the web break shown in Fig. 5, the camera 
images from the imaging positions preceding said imaging position 
must be analyzed, taking into account the speed of motion of the web 
10 in the machine direction, that is, the temporal synchronization of the 
camera units used in the different imaging positions. Without exact 
knowledge of the transverse location of the web break, this analysis is 
a process requiring accuracy and time, which, in systems of prior art, 
must currently be carried out primarily manually by the user. 

15 

To illustrate the problem, Fig. 6 shows an image from a camera unit 
placed in the imaging position preceding the imaging position of Fig. 5 
in the travel direction of the web, after the headbox of the paper 
machine. Figure 6 shows a fibre bundle, indicated with an arrow, which 

20 has been carried on the wire from the headbox of the paper machine 
and which will later cause an incipient web break of the fibre web 
detectable later in the press and shown in Fig. 5. To find the fibre 
bundle in the imaging position corresponding to Fig. 6, one must, in 
spite of the temporal synchronization of the images, scan through sev- 

25 eral successive images to find defects occurring at a given point in the 
transverse direction of the web. In the example of Fig. 6, the cause for 
the web break (fibre bundle) is very clearly visible, which facilitates the 
troubleshooting. However, in many cases, the disturbances causing a 
web break or a quality defect are not so clearly visible, which makes 

30 the analysis slower and more complicated. 

Consequently, the analysis of a fault situation would be significantly 
facilitated if the troubleshooting could be focused precisely in a given 
area in the transverse direction of the paper web. To accelerate the 
35 analysis, the troubleshooting should also be carried out as automati- 
cally as possible, for example by utilizing digital image processing and 
pattern recognition. However, this requires that the different imaging 



WO 03/081218 



PCT/FI03/00230 



12 

perspectives of images recorded in different imaging positions are 
taken into account, which problem is solved by the present invention. 

According to the invention, the imaging or observation area of each 
5 camera unit is calibrated when the camera unit is taken into use. Pref- 
erably, the calibration is performed so that when the camera unit has 
been fixed in its final position, calibration objects are arranged in the 
observation area of the camera unit, instead of or on the actual object 
to be imaged, the real distances between the calibration objects being 

10 precisely known. By means of a recorded calibration image of these 
calibration objects, it is possible to correct the scale distortion caused 
by the perspective of images recorded by the camera unit in the trans- 
verse direction of the paper web, wherein the real position of any 
image point can be determined in the images to be recorded later by 

1 5 the camera unit. 



As the calibration objects, it is possible to use, for example, objects 
resembling a measuring tape or a table and placed physically in the 
imaging area. The calibration object can be, for example, a set square 
20 with scale marks representing both the transverse direction and the 
machine direction of the object. The calibration objects can also be 
various net-like or square-ruled objects with patterns or corresponding 
scale marks whose exact dimensions are known. 



25 The calibration objects used can also be non-physical, for example 
light spots formed on the surface of the object by a laser beam or an- 
other type of structured light, or point matrices formed of such spots, or 
other lighting patterns used as scale marks. In this context, structured 
light refers to the projection of a light pattern, such as for example a 

30 light plane, a light matrix or another more complex light pattern on the 

surface of the object. * 

Scale marks included in or formed by the calibration object are used to 
determine the real distance represented by adjacent pixels in the cali- 
35 bration image. In this way, particularly in the transverse direction of the 
web, it is possible to determine the pixel resolution of the calibration as 
a function of the location, and further to determine the location in the 
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transverse direction of the web, for example, as centimetres from one 
edge of the web. If it is necessary to perform the calibration all over 
again, for example, after a change in the location or position of the 
camera unit, the determination can be repeated in a very simple and 
5 fast manner. 

In principle, the imaging or observation area of the camera unit can 
also be calibrated by measuring precisely the distances between the 
camera unit and the different parts of the object, as well as the imaging 
10 angles, wherein the perspective correction can be performed by com- 
putation. However, in practice, this is difficult to perform with a suffi- 
cient precision under industrial conditions. 

In an advantageous embodiment of the invention, when accommodat- 
15 ing the scale in the transverse direction of the web, the shrinkage of the 
fibre web in the transverse direction is also taken into account, the 
moisture content being reduced when the web travels from the wet end 
to the terminal end of the paper machine. This shrinkage is typically 
higher at the edge areas of the web than in the middle area of the web. 
20 Figure 7 shows a typical shrinkage profile of a fibre web in the trans- 
verse direction, measured in a printing paper machine. When the typi- 
cal shrinkage profiles of the web corresponding to the different imaging 
positions are known, this information can be combined with the correc- 
tion of the perspective error in the images. Thus, when an error is 
25 detected at a given location in the transverse direction of the web in a 
given imaging position, the precise location of this error in the trans- 
verse direction in the images can also be determined in the other 
imaging positions. 

30 Information about the drying shrinkage of the web is needed when a 
given area of the web is compared in two different camera positions, if 
the fibre web has shrunk between these two positions because of dry- 
ing. Thus, one must take into account that when the web is shrunk in 
the transverse direction, a given position of the web moves in a way 

35 corresponding to the shrinkage. When the non-linear model of the 
shrinkage is known (for example, the shrinkage profile shown in Fig. 7), 
it is possible to compute how much a given position of the web is 
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transferred by the effect of the shrinkage in the transverse direction. 
When an image of the wet part is compared with an image of the dry 
part, for example the image of the dry part can be "spread" artificially 
according to the shrinkage pattern in the transverse direction to corre- 
5 spond to the position coordinates system of the wet part in the trans- 
verse direction. 

According to the invention, the determination of the scale of the obser- 
vation area in the transverse direction can be further specified by tak- 

10 ing into account not only the drying shrinkage of the web but also the 
effect of edge cutting which the web is possibly subjected to. This is 
needed if the origin of the coordinates system in the imaging position 
under examination is bound to either one of the edges of the paper 
web. If, between two imaging positions, the fibre web is narrowed by 

1 5 cutting off an edge strip, this narrowing of the web caused by the cut- 
ting must be taken into account when determining the scale in the 
transverse direction of the web. In other words, at the latter imaging 
position, the edge of the web no longer corresponds to the origin of the 
coordinates system in the transverse direction, but the location of the 

20 edge of the web is determined according to the width of the cut-off 
edge strip. 

Furthermore, the positioning of the observation area in the transverse 
direction can also be specified by taking into account the precise loca- 

25 tion of the web in the transverse direction, which may vary as the web, 
in practice, always wanders to some extent in the transverse direction. 
Typically, the web wanders some centimetres from one side to the 
other in the transverse direction. Thus, the precise transverse posi- 
tioning requires that the position of the scale is not fixed; in other 

30 words, a given pixel in the images does not always represent the same 
location of the web in the transverse direction, but said whole scale 
"wanders" with the web in the transverse direction. Preferably, the cor- 
rection is made in such a way that the images are first subjected to a 
perspective correction according to the invention, due to the imaging 

35 geometry, after which an image is available, in which the scale in the 
transverse direction corresponds to the real measuring scale at the 
imaging point. After this, the edges of the fibre web are separated from 
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the image by means of an image analysis; in other words, the area 
covered by the fibre web (the location of the web) in the image is 
determined in the transverse direction. Next, the web area is spread by 
means of the edge cutting data and the shrinkage pattern to the same 
5 coordinates system as in the preceding imaging position, with which 
the image is to be compared. Finally, the image is focused precisely, if 
necessary, with the image from the preceding imaging position, one 
upon the other, taking into account the displacement of the web in the 
transverse direction, that is, the lateral wandering of the web. 

10 

In practice, the drying shrinkage is easier to take into account in the 
determination of the scale in the transverse direction of the web, 
because the drying shrinkage takes place primarily in a quite narrow 
area of dry substance in the drying section of the paper machine. In 

1 5 practice, it can thus be assumed without a great inaccuracy that sub- 
stantially all of the drying shrinkage in the transverse direction takes 
place typically between two successive camera positions in the 
machine direction. Furthermore, the widths of the edge strips at their 
cutting points and the non-linear profile pattern of the drying shrinkage 

20 are normally available directly from the machine control and quality 
control system of the paper machine, because these data are needed 
for the adjustment of the quality control in the cross-machine direction 
of the paper machine. Similarly, the information on the position of the 
edge of the paper web (web width) is available from the control system 

25 of the paper machine, if it is not to be determined on the basis of the 
image analysis directly from the camera images. The present invention 
makes it possible to automate the analysis of measurement results in a 
computer in a significantly more effective way than before. Instead of or 
in addition to a subjective analysis by the user, the invention makes it 

30 possible to use automatic pattern recognition and corresponding image 
processing techniques in the search for the cause of a given defect in 
the fibre web or a web break, in images recorded by successive cam- 
era units. Thanks to the calibration of the scale in the transverse direc- 
tion of the paper web, the information to be collected from different 

35 camera units can be brought to a format in which they can be com- 
pared with each other, wherein the images recorded by the different 
camera units can be used more easily to look for the same phenome- 



WO 03/081218 



PCT/FI03/00230 



16 

non in its different stages. Because a precise location in the transverse 
direction can now be determined for a detected phenomenon, informa- 
tion collected from fault situations can also be compiled into statistics in 
a more efficient way to control the operation of the paper machine. 

5 

By means of the invention, it is, for example, possible to use pattern 
recognition for the images to determine the precise location of a tear or 
a hole causing a web break (see Fig. 5), and to use said location data 
in the transverse direction to look for the actual cause of the web break 

10 in the image material of the preceding imaging positions (see Fig. 6). 
When the cause of the web break has been recognized either fully 
automatically or with the help of the user, the moment of time and the 
location of occurrence of the defect are compiled into statistics in the 
cross-machine and machine directions of the paper web. The statistics 

15 can be used for the evaluation of the condition of the different machine 
means of the paper machine, such as, for example, the drying felts. If 
the same machine means (i.e., the same location in the machine direc- 
tion) and possibly even the same location in the transverse direction of 
the paper web continually turns out to be the cause of a web break, it is 

20 known that said machine means requires either maintenance or 
replacement. 

Figure 8 shows an example of statistical information to be collected 
from the paper machine by means of the invention. The information 

25 shown in the figure has been collected in eight different imaging posi- 
tions in the machine direction of the web, at different steps in the proc- 
ess. The image material recorded in the different imaging positions has 
been brought into a format corresponding to each other in the trans- 
verse scale, and in each imaging position, events have been compiled 

30 into statistics by means of automatic image processing by dividing the 
width of the web into 21 separate observation areas. The vertical axis 
in Fig. 8 indicates the number of registered events. Figure 8 shows 
clearly in which area in the transverse direction of the web the detected 
defects are accumulated in each imaging position. On the basis of this 

35 information, it will be obvious for a person skilled in the art to determine 
which machine means in the apparatus require control or maintenance. 
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It should be pointed out that in practice, statistics similar to Fig. 8 can- 
not be compiled manually without the present invention except for 
dividing the web to not more than a few separate observation areas in 
the transverse direction. The standardization of the scale in image 
5 material recorded by different camera units by means of the invention 
makes it possible to use efficient automatic image processing and pat- 
tern recognition methods in the statistical registration of events. Par- 
ticularly in situations, in which the defect to be searched in the images 
is small in relation to the whole observation area of the image, it is pos- 

10 sible to use, if necessary, the so-called RO! principle (ROI = Region of 
Interest) in the analyses. Thus, instead of examining the whole image 
area, the examination is only focused on a part of the image or obser- 
vation area, for example on a given width of the web in the transverse 
direction. By means of the invention, images recorded in different 

15 imaging positions can now be used to determine the points corre- 
sponding to the same transverse area of the web, wherein the analysis 
of the images by utilizing automatic pattern recognition or with the help 
of the user becomes faster and more reliable. In digital image proc- 
essing, the speed of the image processing is significantly affected by 

20 the size of the images to be processed. When utilizing the ROI princi- 
ple, the image sizes to be processed become significantly smaller in 
their number of pixels, wherein it is also possible to use pattern recog- 
nition algorithms which are more complex and require more computing. 
The ROI principle is also advantageous in the analysis with the help of 

25 the user, because the user's full attention can thus be focused on a 
smaller area limited already in advance. 

By means of the invention, the operation of the paper machine can, in 
some situations, be controlled by means of so-called focused analyses. 

30 In this way, one or more limited areas are defined for one camera unit 
in the transverse direction of the paper web, and the system automati- 
cally determines, by using the method of the invention, areas of corre- 
sponding sizes for all the other camera units in the transverse direction. 
Thanks to the calibration, the sections left inside said areas are pre- 

35 cisely of the same width in the transverse direction of the paper web 
and correspond to the same transverse area of the paper web. After 
this, the system monitors disturbances or incontinuity phenomena in 
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these one or more areas limited in the transverse direction, and 
records the corresponding images for further examination later. 
Focused analyses have the advantage that thanks to the smaller quan- 
tity of information to be stored in digital format, the images can be 
5 stored either entirely without compression of the images, or by using a 
smaller degree of compression. Thus, the image material to be stored 
remains of high quality, which makes it possible to use more precise 
analysis methods. 

10 Using the method of the invention, the phenomena to be looked for in 
the paper web can be any phenomena different from the normal situa- 
tion. As a reference, it is thus possible to use image material recorded 
of the normal state by averaging. As a reference, it is also possible to 
use stored image material of previously detected fault situations, 

15 wherein the system can be focused to look for defects of a given type, 
for example holes in the fibre web. 

In addition to the optical monitoring of the fibre web itself, the method 
according to the invention can also be applied in the monitoring of vari- 
20 ous webs and rolls used in processes of manufacturing and/or finishing 
paper and/or board. 

Using the method of the invention, it is possible to better detect and 
analyze such quick phenomena which cannot be appropriately 

25 detected by subjective analyses of prior art and primarily by the user, of 
image material or other corresponding location-specific measurement 
data. Thanks to the invention, the more effective statistical utilization of 
the measurement results helps to design maintenance and repair 
measures of production equipment better than before. In this way, 

30 unforeseen and extra stoppages are avoided. By various combinations 
of the methods and device structures presented in connection with the 
different embodiments of the invention presented above, it is possible 
to provide various embodiments of the invention which comply with the 
spirit of the invention. Therefore, the above-presented examples must 

35 not be interpreted to restrict the invention, but the embodiments of the 
invention can be freely varied within the scope of the inventive features 
presented in the claims hereinbelow. 
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Although the invention has been described above primarily in connec- 
tion with camera systems recording a visual image, the invention is 
also suitable for the use of other kinds of optical measuring systems, in 
5 which location-specific information about an object is collected by 
imaging. The invention is thus suitable for use, for example, in connec- 
tion with thermal cameras operating in the infrared range. Furthermore, 
the invention is also suitable for use in connection with other measuring 
devices based on imaging and spectral resolution, wherein the meas- 

10 urement result recorded by them includes, due to the imaging direction 
of the measuring devices, a distortion in the scale of the observation 
area, caused by the perspective. Such a measuring device may be, for 
example, an imaging spectrometer which comprises, for example, a 
grating spectrograph or a PGP type spectrograph (Prism-Grating- 

1 5 Prism) and a matrix detector coupled to the output of the spectrograph. 
In the imaging spectrometer, the spectrograph is arranged to record 
radiation of light focused on its elongated input aperture on a matrix 
detector in a spectrally resolved manner so that a location axis is 
formed on the matrix detector in the longitudinal direction of the input 

20 aperture, and a wavelength axis is formed on the matrix detector in a 
direction perpendicular to the longitudinal direction of the input aper- 
ture. The imaging spectrometer thus makes it possible to measure 
spectral information on the object in a location-specific manner in one 
direction. By using the method of the invention, the perspective error 

25 occurring in said direction can be compensated for. 



